. (a) Capacitance-Voltage curve of metal-oxide-semiconductor (MOS) capacitors utilizing the 12nm thick Al 2 O 3 deposited by sputtering measured at 1MHz; (b) I DS -V GS curves of InGaAs NWFET before and after the Al 2 O 3 deposition by sputtering (V DS =0.1 V).
In order to investigate the electrical property of the Al 2 O 3 deposited by sputtering as the dielectrics for InGaAs wrap-gated NWFET devices studied in this work, the simple metal-oxide-semiconductor (MOS) capacitors are fabricated on the p-type (100) bare Si wafer. The 12nm thick Al 2 O 3 layer is deposited on the surface of wafer in oxygen and argon ambient by sputtering. After baking 5h at 100°C, Al is deposited on the top of Al 2 O 3 by sputtering and patterned as the gate electrode with an area of 10 −8 m 2 , and a low-resistance ohmic contact is formed by sputtering Al on the backside of the wafer. In the highfrequency (1MHz) capacitance−voltage measurement ( Figure S1a ), the variation in capacitance versus voltage is caused by changes in the space charge region of the moderately doped p-Si (100) semiconductor substrate. At large positive potentials where the silicon surface is in accumulation and there is no space charge region, the capacitance measured is the capacitance of the Al 2 O 3 film. The dielectric constant can then be calculated as 7.216 by using
is thickness of the film, ε 0 is the permittivity of free space, and A is the area of the capacitor. COMSOL Multiphysics is utilized to simulate the gate oxide capacitance (C ox ). The simulation is carried out on the wrap-gated NWFET structure with supplied voltage on wrap gate and on substrate as shown in Figure S4 (a, d) . Specifically, the NW charge density is assumed to be very high such that the semiconducting NW can be treated as metallic and the NW was modeled as a perfect cylinder. The element size is set to the following values: maximum element size of 804 nm, minimum element size of 3.6 nm, maximum element grow rate: 1.3, resolution of curve of 0.3, resolution of narrow region of 1. The dielectric constant of Al 2 O 3 is calculated to be 7.216 by the capacitance−voltage curve mentioned before. The C ox can then be obtained from the simulated electrical field at the voltage of 1V when the NW is set to the ground. Since the C ox of wrap-gated NWFET with supplied voltage on the gate is found much larger than the wrap-gated NWFET with supplied voltage on the substrate, the contribution of C ox from the back-gate can be ignored in the wrap gate device calculation. The similar simulation was also carried out on the top-gated and back-gated NWFET structures as shown in Figure S5 (a, d) . The corresponding simulated gate oxide capacitance (C ox ) of the 60nm-diameter NW for per unit of channel length is ~ 1.12 fF/μm for the top-gated structure and ~0.07 fF/μm for the backgated structure, and the C ox for wrap-gated structure is 1.49 fF/μm. Table S1 . Current on-off ratio (I ON /I OFF ), sub-threshold slope (SS), peak transconductance and peak fieldeffect electron mobility of wrap-gated InGaAs NWFETs.
I ON /I OFF SS (mV/dec)
